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$EVWUDFW
0RELOH$GKRF1(7ZRUN0$1(7 LVD W\SHRIZLUHOHVVQHWZRUNFRQVLVWLQJRIDVHWRIVHOIFRQILJXUHGPRELOHKRVWV WKDWFDQ
FRPPXQLFDWHZLWKHDFKRWKHUXVLQJZLUHOHVVOLQNVZLWKRXWWKHDVVLVWDQFHRIDQ\IL[HGLQIUDVWUXFWXUH7KLVKDVPDGHSRVVLEOHWR
FUHDWHDGLVWULEXWHGPRELOHFRPSXWLQJDSSOLFDWLRQDQGKDVDOVREURXJKWVHYHUDOQHZFKDOOHQJHVLQGLVWULEXWHGDOJRULWKPGHVLJQ
CheckpointingLVDZHOOH[SORUHGIDXOWWROHUDQFHWHFKQLTXHIRUWKHZLUHGDQGFHOOXODUPRELOHQHWZRUNV+RZHYHULWLVQRWGLUHFWO\
DSSOLFDEOHWR0$1(7GXHWRLWVG\QDPLFWRSRORJ\ OLPLWHGDYDLODELOLW\RIVWDEOHVWRUDJHSDUWLWLRQLQJDQGWKHDEVHQFHRIIL[HG
LQIUDVWUXFWXUH ,Q WKLV SDSHU ZH SURSRVH DQ DGDSWLYH FRRUGLQDWHG DQG non-blocking FKHFNSRLQWLQJ DOJRULWKP WR SURYLGH IDXOW
WROHUDQFH LQFOXVWHUEDVHG0$1(7ZKHUHRQO\PLQLPXPQXPEHURIPRELOHKRVWV LQ WKHFOXVWHU VKRXOG WDNHFKHFNSRLQWV7KH
SHUIRUPDQFHDQDO\VLVDQGVLPXODWLRQUHVXOWVVKRZWKDWWKHSURSRVHGVFKHPHSHUIRUPVZHOOFRPSDUHGWRZRUNVUHODWHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG:LUHOHVV,QIRUPDWLRQ
DQG&RPPXQLFDWLRQ7HFKQRORJLHV$:,&7
Keywords:0$1(7GLVWULEXWHGPRELOHFRPSXWLQJIDXOWWROHUDQFHFOXVWHULQJFKHFNSRLQWLQJ
,QWURGXFWLRQ
$0$1(7 FRQVLVWV RI D VHW RIPRELOH KRVWVQRGHV FDSDEOH RI FRPPXQLFDWLQJ DPRQJ WKHPVHOYHVZLWKRXW WKH
DVVLVWDQFHRIEDVHVWDWLRQVRUDQ\FHQWUDOHQWLW\7KLVNLQGRIDUFKLWHFWXUHRIIHUVWKHSODWIRUPWRWKLQNDERXWYDULRXV
W\SHVRIPRELOHGLVWULEXWHGFRPSXWLQJDSSOLFDWLRQVDQGKDVEURXJKWIRUZDUGVHYHUDOQHZFKDOOHQJHVLQ WKHDUHDRI
GLVWULEXWHGDOJRULWKPGHVLJQ
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$PRQJYDULRXVDOJRULWKPVWREHDGMXVWHGWRPHHWWKHUHTXLUHPHQWVRIPRELOHGLVWULEXWHGDSSOLFDWLRQZHPHQWLRQ
LQ SDUWLFXODU WKH checkpointing DOJRULWKPV WKDW HQDEOH WKHVH DSSOLFDWLRQV DQG V\VWHPV WR KDYH IDXOW WROHUDQFH
FDSDELOLWLHV >@ ,I WKH DSSURSULDWH DGMXVWPHQWV FRXOG EH GRQH LQGHHG PRELOH GLVWULEXWHG V\VWHPV ZLOO WKHQ EH
FDSDEOH RI UXQQLQJ FULWLFDO GLVWULEXWHG DSSOLFDWLRQV ZLWKLQ SUHVFULEHG WLPH LQ DFFRUGDQFH ZLWK WKHLU PLVVLRQ
VSHFLILFDWLRQV
7KHcheckpointingDOJRULWKPVGHVLJQHGIRUZLUHG >@DQGFHOOXODUPRELOHQHWZRUNV>@ UHO\RQHLWKHUXQOLPLWHG
VWDWLFUHVRXUFHVLQWKHQHWZRUNRUVXSSRUWLQWKHIRUPRIIL[HGPRELOHVXSSRUWVWDWLRQV6LQFHVXFKUHVRXUFHVDUHQRW
DYDLODEOHLQWKHDGKRFHQYLURQPHQWWKHGHVLJQRIcheckpointingDOJRULWKPVIRUWKH0$1(7LVFKDOOHQJLQJDQGKDV
UHFHLYHG VRPH DWWHQWLRQ LQ OLWHUDWXUH ODWHO\ &RQVLGHULQJ WKLV WRSLF KHUH ZH SURSRVH D non-blocking FRRUGLQDWHG
checkpointingDOJRULWKPIRU0$1(7:HFRQVLGHUDFOXVWHUEDVHG0$1(7ZKHUHWKHPRELOHQRGHVDUHJURXSHGLQ
FOXVWHUVZLWKRQHQRGHLQHDFKFOXVWHUFKRVHQDVDFOXVWHUKHDG2XUDOJRULWKPIRUFHVDPLQLPXPQXPEHURIPRELOH
KRVWVWRUHFRUGFKHFNSRLQW$OVRZHSUHVHQWDWHFKQLTXHWRKDQGOHWKHSDUWLWLRQLQJLVVXHRI0$1(7
7KH UHVWRI WKHSDSHU LVRUJDQL]HGDV IROORZV6HFWLRQGHVFULEHV WKH V\VWHPPRGHO6HFWLRQ WDONVDERXW WKH
UHODWHG ZRUNV 6HFWLRQ  SUHVHQWV WKH DOJRULWKP 3HUIRUPDQFH HYDOXDWLRQ LV SUHVHQWHG LQ 6HFWLRQ  IROORZHG E\
VLPXODWLRQVHWWLQJDQGUHVXOWVLQVHFWLRQ:HFRQFOXGHWKLVSDSHULQVHFWLRQ
6\VWHP0RGHO
&OXVWHULQJD0$1(7PHDQVSDUWLWLRQLQJLWVQRGHVLQWRFOXVWHUVClustLQHDFKFOXVWHURQHQRGHFDOOHGDFOXVWHU
KHDG&+DFWVDVDORFDOFRRUGLQDWRURIWUDQVPLVVLRQVZLWKLQWKHFOXVWHUDQGUHVWRIQRGHVDUHGLYLGHGLQWRJDWHZD\
*:ZKLFKLQWHUFRQQHFWVWKHFOXVWHUKHDGVDQGPRELOHKRVWV0+ZKLFKUXQVWKHGLVWULEXWHGDSSOLFDWLRQ>@

)LJ&OXVWHULQJ0$1(7
$GLVWULEXWHGDSSOLFDWLRQUXQQLQJLQDFOXVWHUEDVHG0$1(7ZLWKmQXPEHURIFOXVWHUHDFKFOXVWHULVKDYLQJ
n QXPEHU RI 0+V LV DVVXPHG WR EH FRPSRVHG RI݊ FRQFXUUHQW SURFHVVHV GHQRWHG E\ P1 P2 Pn UXQQLQJ
FRQFXUUHQWO\RQ0+VFail-silentPRGHIRUSURFHVVHVLVDVVXPHG:HDOVRDVVXPHWKHSUHVHQFHRIUHOLDEOHPHVVDJH
GHOLYHU\7KHUHLVQRFRPPRQFORFNVKDUHGPHPRU\RUFHQWUDOFRRUGLQDWRU0HVVDJHSDVVLQJLV WKHRQO\PRGHRI
FRPPXQLFDWLRQEHWZHHQDQ\SDLURI0+V$Q\0+FDQLQLWLDWHcheckpointing>@
5HODWHG:RUN
$Q DSSURDFK FDOOHGCheckpointing E\ IORRGLQJPHWKRG LV SURSRVHG LQ >@ ,Q WKLV DOJRULWKP DG KRF QHWZRUN
ZRUNVZLWKRXWVWDEOHVWRUDJHDQGHQRXJKFRPPXQLFDWLRQEDQGZLGWK7KHVWRUDJHRIDQ0+¶VQHLJKERU LVXVHG WR
VDYH WKH FKHFNSRLQWRI DQ0+)RU WKH UHFRYHU\ DOJRULWKP HDFK&+PXVWNHHS DGHSHQGHQF\PDWUL[RI WKH VL]H
݊ ൈ ݓZKHUHnLVWKHWRWDOQXPEHURI0+VLQWKHV\VWHPDQGwLVWKHWRWDOQXPEHURI0+VLQLWVFOXVWHU
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0HQDQG/LSUHVHQW LQ >@ DFOXVWHUEDVHGcheckpointing DQG UROOEDFN UHFRYHU\ VFKHPH IRU FOXVWHUEDVHGPXOWL
FKDQQHODGKRFZLUHOHVVQHWZRUN4XDVLV\QFKURQRXVcheckpointingDOJRULWKPLVHPSOR\HGDORQJZLWKSHVVLPLVWLF
ORJJLQJ&+XVHVD VSHFLDOSDFNHWFDOOHGbeacon packetZKLFKFRQWDLQVFORFNGDWD VL]HVRIDQQRXQFHPHQW WUDIILF
LQGLFDWLRQPHVVDJHDQGGDWDZLQGRZ0+VWDNHFKHFNSRLQWVSHULRGLFDOO\PDQDJHGE\WKHORFDO&+DQGVDYHWKHLU
RXWSXWLQSXW DQGPHVVDJHV UHODWHG WR WKH*::KHQ WKHFKHFNSRLQWSHULRG WLPH LVXS&+ILUVWO\GHOLYHUV WLPLQJ
SDUDPHWHUV RI WKH LQWHUYDO ZLWK WKH FKHFNSRLQW UHTXHVW WR DOO FOXVWHU PHPEHUV 8SRQ UHFHLSW RI WKH FKHFNSRLQW
UHTXHVWWKRVH0+VZKLFKDUHQRWDOORZHGWRFRPPXQLFDWHZLOOUHFRUGDQHZFKHFNSRLQWDQG0+VZKLFKDUHEXV\
ZLWKLQFRPPXQLFDWLRQZLOOUHFRUGWKHUHTXLUHGFKHFNSRLQWLQQH[WEHDFRQLQWHUYDO
7KHDOJRULWKPLQ>@XVHVDWRSRORJ\DQGWLPHORJJLQJPHFKDQLVPZLWKDPHVVDJHWLPHVWDPSVUHGXFWLRQPHWKRG
$VWKHZLUHOHVVFKDQQHOVFDQEHHVWDEOLVKHGDQGVKXWGRZQWZRW\SHVRIHYHQWVFDOOHGon DQGoff DUH LQWURGXFHG WR
PRGHO WKHG\QDPLF WRSRORJ\RI D0$1(77KHQRWLRQVRI FDXVDO DQG WRSRORJLFDO FRQVLVWHQF\ DUHXVHG WR ILQG D
FRQVLVWHQWFKHFNSRLQWRIDQH[HFXWLRQ0+FDQILQGFRQVLVWHQWFKHFNSRLQWE\XVLQJLWVORFDOO\VDYHGWRSRORJ\PDWUL[
DQGWLPHYHFWRU+RZHYHULWLVDVVXPHGWKDWSDUWLWLRQVFDQQRWRFFXULQWKHV\VWHP
-DJJLDQG6LQJKGHVFULEH LQ>@DVWDJJHULQJEDVHGV\QFKURQRXVcheckpointingDQGUHFRYHU\VFKHPHRQFOXVWHU
EDVHG 0$1(7 ,Q WKHLU ZRUN FRQFXUUHQW FKHFNSRLQW LQLWLDWLRQ FDQ FDXVH VWDEOH VWRUDJH DFFHVV FRQWHQWLRQ RYHU
OLPLWHGEDQGZLGWK7KHDSSURDFKSURSRVHVDVWDJJHUHGDSSURDFKWRDYRLGVLPXOWDQHRXVFRQWHQWLRQIRUUHVRXUFHV7KH
VWDJJHULQJFDXVHVHYHQWVZKLFKZRXOGQRUPDOO\KDSSHQDWWKHVDPHWLPHWRVWDUWRUKDSSHQDWGLIIHUHQWWLPHV+HUH
0+ZLOOVDYHFKHFNSRLQWDQGORJVLQ&+0+ZLOOVDYHRQO\FKDQQHOPHVVDJHLQORJ7KHSURSRVHGDOJRULWKPGRHV
QRWQHHG),)2)LUVW,Q)LUVW2XWFKDQQHOVDQGVXSSRUWVFRQFXUUHQWFKHFNSRLQWLQLWLDWLRQ
$XWKRUV LQ >@ SUHVHQW D PRELOLW\ EDVHG checkpointing DQG UHFRYHU\ DOJRULWKP IRU 0+V LQ 0$1(7 ZKHUH
FKHFNSRLQWZLOOEHUHFRUGDIWHUDSUHGHILQHGFOXVWHUFKDQJHWKUHVKROG(DFK0+VDYHVFKHFNSRLQWLILWVLQWHUFOXVWHU
PRYHPHQWGXULQJFXUUHQWFKHFNSRLQWLQWHUYDOH[FHHGVDSUHGHILQHGWKUHVKROGDQGNHHSVDFRS\LQRQHRILWVQHLJKERU
0+V&RRUGLQDWLRQRIUHFRYHU\RIDIDLOHG0+LVGRQHE\WKHFRUUHVSRQGLQJ&+LQZKLFKWKHIDLOHG0+UHFRYHUV
7KHDXWKRUVLQ>@SURSRVHWUXVWPRGHOFRPELQHGZLWKDFU\SWRJUDSKLFPHWKRGIRUVHFXULQJFKHFNSRLQWV,QWKLV
DSSURDFKXVLQJWUXVWPRGHOLIDQ0+LVIRXQGWREHWUXVWHGFKHFNSRLQWLQLWLVFRQVLGHUHGVHFXUHKHQFHHQFU\SWLRQ
RIFKHFNSRLQWLVQRWUHTXLUHG6LPXODWLRQUHVXOWVVKRZWKDWFKHFNSRLQWHQFU\SWLRQPD\QRWEHUHTXLUHGDWDOOLQVRPH
FDVHVLIWKHVDLGFKHFNSRLQWFRXOGEHIRUZDUGHGWRWKHUHFRYHU\GHVWLQDWLRQYLDWUXVWHG0+VRQO\
,Q>@checkpointingZLWKK\SHUFXEH WRSRORJ\DUHGLVFXVVHG$dGLPHQVLRQDOK\SHUFXEHFRQVLVWVRId0+V
DQGDdGLPHQVLRQDOK\SHUFXEHFDQEHFRQVWUXFWHGE\FRQQHFWLQJWZRd GLPHQVLRQDOK\SHUFXEH(DFK0+LQD
K\SHUFXEHLVDVVLJQHGDdELWELQDU\ODEHO7ZR0+DUHFRQQHFWHGE\DGLUHFWOLQNLIWKHELQDU\UHSUHVHQWDWLRQVRI
WKHLUODEHOVGLIIHUDWRQHELWSRVLWLRQ,QDdGLPHQVLRQDOK\SHUFXEHHDFK0+LVGLUHFWO\FRQQHFWHGWRdRWKHU0+V
$ K\EULG checkpointing DOJRULWKP LV SURSRVHG LQ >@ ZKLFK RSHUDWHV LQ WZR SKDVHV ZKLOH FRPELQLQJ WZR
WHFKQLTXHVRIcheckpointing7KLVDOJRULWKPKDVEHHQGHVLJQHGIRUIODW0$1(7VDQGGHDOVZLWKPRELOLW\FRQVWUDLQWV
DQGLV LQGHSHQGHQWRIDQ\WRSRORJ\VWUXFWXUHRUURXWLQJSURWRFRO7KHDXWKRUVDOVRGHVFULEHWKHUROOEDFNUHFRYHU\
DOJRULWKPDQGVKRZKRZWRLQWHUDFWZLWKWKHK\EULGcheckpointingDOJRULWKP
2XUCheckpointing$OJRULWKP
4.1. Abbreviations and data structure used 
7RPDNHRXUSUHVHQWDWLRQDVFOHDUDVSRVVLEOHZHXVHWKHIROORZLQJDEEUHYLDWLRQV
MovReq PRYLQJ UHTXHVW DiscReq GLVFRQQHFWLRQ UHTXHVW RecReq UHFRQQHFWLRQ UHTXHVW CkptReq
checkpointingUHTXHVWValidReqYDOLGDWLRQUHTXHVWTransInformReqWUDQVPLVVLRQLQIRUPDWLRQUHTXHVW
)RUHYHU\PRELOHKRVWMHi, ZHKDYHIROORZLQJGDWDVWUXFWXUH
CkptiLQGLFDWHVWKHQXPEHURIWKHODVWFKHFNSRLQWUHFRUGHGLQMHi DepdSitesiVHWRI0+VZKLFKKDYHDFDXVDO
GHSHQGHQFH UHODWLRQ ZLWKMHi. Logi  VHW RI FRPSXWDWLRQPHVVDJHV VHQW WRMHi GXULQJ WKHLU GLVFRQQHFWLRQ
DiscCkptiTempCkptiPermCkptiXVHGWRVDYHWKHODVWGLVFRQQHFWLRQWHPSRUDU\DQGSHUPDQHQWFKHFNSRLQWRI
MHi UHVSHFWLYHO\. 
)RUHYHU\FOXVWHUKHDGCHjZHKDYHIROORZLQJGDWDVWUXFWXUH
PresSitesj DiscSitesj TempInSetj TempExtSetj VHW RI 0+V SUHVHQW GLVFRQQHFWHG LGHQWLILHUV LQWHUQDO DQG
LGHQWLILHUVH[WHUQDOWRClustiUHVSHFWLYHO\GlobSetjVHWRI0+VLQYROYHGLQFKHFNSRLQWUHFRUGLQJCkptjYDULDEOH
IRU VDYLQJ WKHQXPEHURI WKHQHZFKHFNSRLQWVInitCHXVHG WR VDYH WKH LGHQWLW\RI WKH LQLWLDWRUFOXVWHUKHDG
TermXVHGWRGHWHFWDOJRULWKPWHUPLQDWLRQ
43 Houssem Mansouri et al. /  Procedia Computer Science  73 ( 2015 )  40 – 47 
4.2. Handling the partitioning of MANET  
2QH RI WKH XQLTXH FKDOOHQJHV LQ PRELOH DG KRF QHWZRUNLQJ HQYLURQPHQWV LV WKH SKHQRPHQRQ RI QHWZRUN
SDUWLWLRQLQJ ZKLFK LV WKH EUHDNGRZQ RI D FRQQHFWHG QHWZRUN WRSRORJ\ LQWR WZR RU PRUH VHSDUDWH XQFRQQHFWHG
WRSRORJLHV$VVKRZQLQ)LJXUH3DUWLWLRQLQJFDQRFFXUGXHWRWKHPRYHPHQWDQGGLVFRQQHFWLRQSKHQRPHQRQ>@

)LJ0$1(73DUWLWLRQLQJ
$VVKRZQLQ)LJXUHZKHQDPRELOHKRVWMHi PRYHVRUJHWVGLVFRQQHFWHGIURPDFOXVWHUClustiVXSSRUWHGE\
CHiWRDQRWKHUClustjVXSSRUWHGE\CHjMHiKDVWRLQIRUPDERXWLWWRWKHIRUPHUFOXVWHUKHDGCHi DQGWRWKH
QHZRQHCHj+RZHYHULWLVQHFHVVDU\WRPDNHVXUHWKDWWKHGDWDVWUXFWXUHRIMHiLVDOZD\VDYDLODEOH

)LJ0$1(73DUWLWLRQLQJ+DQGOLQJ
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4.3. Phases of the algorithm 
7KHDOJRULWKPZRUNVLQWZRSKDVHV
1) Creation of the temporary checkpoints: WKH LQLWLDWRUPRELOHKRVWMHi UHFRUGV D WHPSRUDU\ FKHFNSRLQW DQG
VHQGV D checkpointing UHTXHVW WR LWV FOXVWHU KHDG CHn SLJJ\EDFNV WKH VHW DepdSitesi CHn WUDQVIHUV WKH
checkpointingUHTXHVWWRDOO WKHLUQHLJKERXUFOXVWHUKHDGLQFOXGHGLWVHOISLJJ\EDFNVWKHVHWTempExtSetn'XULQJ
DOO WKHH[HFXWLRQRI WKHDOJRULWKP LIDFOXVWHUKHDGCHx UHFHLYHVDcheckpointing UHTXHVWCkptReq (TempExtSety, 
Value)IURPDQRWKHUCHyWKHQCHx LQWXUQVHQGVDcheckpointingUHTXHVWWRWKHPRELOHKRVWVMHj ߳TempExtSety
RILWVRZQFOXVWHUMHj߳ClustxFRQFHUQHGZLWKWKHcheckpointingSURFHVV$IWHUUHFHLYLQJWKLVUHTXHVWHDFKMHj
VHQGVWKHLUDepdSitesjVHWWRCHxCHxDOVRGHWHUPLQHVWKHLGHQWLILHUVRIWKHPRELOHKRVWVLQGLUHFWO\GHSHQGHQWRQ
WKHLQLWLDWRUKRVWMHi,IWKHVHWVRGHWHUPLQHGLVHPSW\WKHQWKHFOXVWHUKHDGCHxVHQGVDQDQVZHUWRWKHLQLWLDWRU
FOXVWHUKHDGCHnRWKHUZLVHLWVHQGVDcheckpointingUHTXHVWSLJJ\EDFNLQJWKLVVHWTempExtSetxWRWKHQHLJKERXU
FOXVWHUKHDGLQFOXGHGLWVHOIDQGVRRQ
2) Transformation of the temporary checkpoints to permanent ones:(DFKWLPHWKHLQLWLDWRUFOXVWHUKHDGCHn
UHFHLYHVDQDQVZHUUHTXHVWanswer (CHn, Value); LWFROOHFWVWKHYDOXHVValue:KHQWKLVFROOHFWLRQLVHTXDOWR
WKHQLWVHQGVDUHTXHVWRIYDOLGDWLRQWRDOOWKHFOXVWHUKHDGV
4.4. The algorithm pseudo code 
,QLWLDOL]DWLRQ
)RUHYHU\6LWHSxCkptx := ; DepdSitesx := ; Logx := ; TempCkptx := ;
)RUHYHU\FOXVWHUKHDGCHyPresSitesy := {MHi / MHi߳ Clusty}; DiscSitesy := ;GlobSety := ; TempInSety := ; 
TempExtSety := ;InitCH := ; Ckpty := ; Term := ;
,QLWLDWLRQRIWKHDOJRULWKP
5ROHRIWKHLQLWLDWRUPRELOHKRVWMHi
Record (TempCkpti); Ckpti := Ckpti + ; Send CkptReq (MHi, Ckpti, DepdSitesi);  
5ROHRIWKHLQLWLDWRUFOXVWHUKHDGCHn
8SRQUHFHLYLQJcheckpointingUHTXHVWIURPWKHLQLWLDWRUPRELOHKRVWMHi
Receive CkptReq (MHi, Ckpti, DepdSitesi); TempExtSetn := DepdSitesi; 
Send CkptReq (CHn, Ckptn, TempExtSetn, k);   
8SRQUHFHLYLQJDQVZHUIURPDFOXVWHUKHDG
Receive answer (CHn, Value); Term :=  Term + Value; 
If(Term = )Then Send ValidReq(CHn); Endif
'XULQJWKHH[HFXWLRQRIWKHDOJRULWKP
5ROHRIHYHU\PRELOHKRVWMHj
8SRQUHFHLYLQJcheckpointingUHTXHVW
Receive CkptReq (MHj); Record (TempCkptj); Send CkptReq (MHj, DepdSitesj);  
8SRQUHFHLYLQJYDOLGDWLRQUHTXHVW
Receive ValidReq (MHj); PermCkptj := TempCkptj ; 
5ROHRIHYHU\FOXVWHUKHDGCHx
8SRQUHFHLYLQJcheckpointingUHTXHVWIURPDFOXVWHUKHDGCHy
If Receive CkptReq (CHy, Ckpty, TempExtSety, Value) Then InitCH := CHy; Ckptx := Ckpty; 
Else Receive CkptReq (TempExtSety, Value); Endif 
TempInSetx   ^MHj / MHj א TempExtSety  MHjא PresSitesx   MHj  GlobSetx`; GlobSetx := GlobSetx ׫ 
TempExtSety; 
For All (MHj א TempInSetx) Do
If (MHj א DiscSitesx)ThenTempCkptj := DiscCkptj;ElseSend CkptReq (MHj);Endif
Endfor 
8SRQUHFHLYLQJcheckpointingUHTXHVWIURPDPRELOHKRVWMHj MHj א TempInSetx
Receive CkptReq (MHj, DepdSitesj); TempExtSetx := TempExtSetx׫DepdSitesj; 
$IWHUUHFHLYLQJFKHFNSRLQWLQJUHTXHVWIURPDOOPRELOHKRVWVMHj MHj א TempInSetx
If (TempExtSetx = Ø)ThenSend answer (InitCH, Value);Else Send CkptReq (TempExtSetx, Value/k); Endif
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)RUUHFHSWLRQRIDYDOLGDWLRQUHTXHVWIURPCHn
Receive ValidReq (CHn); 
For All (MHi ߳ GlobSetx  MHi ߳ PresSitesx) Do  
If (MHi א DiscSitesx)ThenPermCkpti := TempCkpti ;ElseSend ValidReq (MHi);Endif
Endfor 
7R DYRLG EORFNLQJ MHi SLJJ\EDFNV ZLWK WKH DSSOLFDWLRQ PHVVDJHV WKH FXUUHQW YDOXH RI MHi¶V FKHFNSRLQW
QXPEHUCkpti LI WKHMHj¶VFKHFNSRLQWQXPEHU LV VPDOOHU WKDQFKHFNSRLQWQXPEHURI WKH VHQGHUMHi WKHQMHj
WDNHVDFKHFNSRLQWEHIRUHKDQGOLQJWKHPHVVDJHDQGWKHQXSGDWHVWKHFKHFNSRLQWQXPEHUCkptj
5ROHRIHYHU\PRELOHKRVWMHi
)RUVHQGLQJDQDSSOLFDWLRQPHVVDJHWRMHj
Send Message (MHj, MHi, Ckpti, Msg); 
8SRQUHFHLYLQJDSSOLFDWLRQPHVVDJHIURPMHj
Receive Message (MHi, MHj, Ckptj,Msg); 
If (Ckpti< Ckptj)ThenRecord (TempCkpti);Ckpti := Ckptj;Endif
Handle (Msg); DepdSitesi := DepdSitesi + MHj; 
3HUIRUPDQFH(YDOXDWLRQDQG&RPSDUDWLYH6WXG\
7DEOHFRPSDUHVWKHSHUIRUPDQFHRIRXUDOJRULWKPZLWKWKUHHRWKHUcheckpointingDOJRULWKPVILWWLQJWKHFODVVRI
non-blockingFRRUGLQDWHGXVLQJIRXUVLJQLILFDQWHYDOXDWLRQFULWHULD
'XULQJ WKH ILUVW SKDVH WKH LQLWLDWRU0+ZKLFK UHFRUGV D WHPSRUDU\ FKHFNSRLQW QHHGV WR VHQG Dcheckpointing
UHTXHVW WR LWV&+DQG WKHQ WKH LQLWLDWRU&+WUDQVIHUV WKHcheckpointing UHTXHVW WRDOO&+V(DFK&+VHQGVLQ LWV
FOXVWHU WKLV UHTXHVW WR DOO 0+V GHSHQGHQW RQ 0+ LQLWLDWRU (YHU\ PRELOH KRVW LQ WKH FOXVWHU KDV WR VHQG WKH
TempExtSet VHW WR LWV &+ DQG VR RQ +HQFH WKH LQFXUUHG FRVW RI WKH FRRUGLQDWLQJPHVVDJHV WUDQVPLWWHG LQ WKH
V\VWHPGXULQJWKHILUVWSKDVHLVDERXWܰ݉݅݊ ൈሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ.
'XULQJ WKH VHFRQG SKDVH WKH LQLWLDWRU&+ WUDQVIHUV D UHTXHVW RI YDOLGDWLRQ WR DOO WKH&+V(YHU\&+ KDYLQJ
UHFHLYHGWKHYDOLGDWLRQUHTXHVWKDVWREURDGFDVWLQWXUQWKLVUHTXHVWLQLWVRZQFOXVWHU6RWKHLQFXUUHGFRVWRIWKH
FRRUGLQDWLQJPHVVDJHVWUDQVPLWWHGLQ WKHV\VWHPGXULQJWKLVVHFRQGSKDVH LVHTXDO WRܥݏݐܶݎ݊ ൅ ܥݏݐܤݎݐ. 7KXV
WKHWRWDOFRVWRIFRRUGLQDWLQJPHVVDJHVLVDERXWܰ݉݅݊ ൈሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ ൅ ܥݏݐܶݎ݊ ൅ ܥݏݐܤݎݐ 
7DEOH3HUIRUPDQFH&RPSDULVRQ
$OJRULWKP 0HVVDJH&RVW 1XPEHURICheckpoints %ORFNLQJ7LPH 8VHOHVVCheckpoints
5HI>@
ʹ ൈ ܰ݉݅݊
ൈ ሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ
൅ ܥݏݐܤݎݐ
ܰ݉݅݊ ൅ ܰݑݏ݈  Present
5HI>@
Ͷ ൈ ܰ݉݅݊
ൈ ሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ
൅ ͵ ൈ ܥݏݐܤݎݐ
ܰ݉݅݊  No 
5HI>@ ܰ݉݅݊  ൈ ሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ ʹ ൈ ݊ ൅ ܰݑݏ݈  Present
2XU$OJRULWKP
ܰ݉݅݊
ൈ ሺܥݏݐܶݎ݊ ൅ ʹ ൈ ܥݏݐܹ݅ݎሻ
൅ ܥݏݐܶݎ݊ ൅ ܥݏݐܤݎݐ
ܰ݉݅݊  No
 
Nmin: QXPEHURIGHSHQGHQW0+VNusl: QXPEHURIXVHOHVV0+VCstWir: FRVWRIVHQGLQJDPHVVDJHIURP0+WRLWV&+
RUYLFHYHUVDCstTrn: FRVWRIWUDQVIHUULQJDPHVVDJHWRDOO&+VCstBrt: FRVWRIEURDGFDVWLQJDPHVVDJHLQDFOXVWHU
7KHPLQLPXPSURFHVVFRRUGLQDWHGcheckpointingDOJRULWKPSURSRVHGLQ>@IRUFHVDܰ݉݅݊ ൅ ܰݑݏ݈QXPEHURI
0+V LQ WKH V\VWHP WR UHFRUG FKHFNSRLQWV RXU DOJRULWKP UHGXFHV WKLV QXPEHU WR QHDUO\ PLQLPXP Nmin  n
+RZHYHUIRUD0$1(7HQYLURQPHQWLWLVDOVRYHU\FULWLFDOWRPLQLPL]HWKHcheckpointingUHTXHVWWUDQVPLWWHGDQG
WKH QXPEHU RI FKHFNSRLQWV UHFRUGHG $OVR RXU DOJRULWKP UHTXLUHV OHVV FRRUGLQDWLQJPHVVDJH FRVW WR HQVXUH D
FRQVLVWHQWJOREDOVWDWHWKDQWKHDOJRULWKPLQ>@
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$QHIIRUWLVPDGHLQWKHDQWLPHVVDJHORJJLQJEDVHGQRQLQWUXVLYHcheckpointingDOJRULWKPSURSRVHGLQ>@WR
PLQLPL]HWKHQXPEHURI0+VWRUHFRUGDFKHFNSRLQWFRPSDUHGWRWKHVFKHPHSURSRVHGLQ>@+RZHYHUWKLVLVDW
WKH H[SHQVH RI FRRUGLQDWLQJPHVVDJH FRVWZKLFKPD\ FDXVH H[KDXVWLRQ RI WKH0$1(72XU DOJRULWKP UHTXLUHV
DOPRVW WKH VDPH QXPEHU RI 0+V WR UHFRUG D FKHFNSRLQW EXW ZLWK D YHU\ ORZ FRVW RI FRRUGLQDWLQJ PHVVDJHV
FRPSDUHG WR WKH DOJRULWKP LQ >@+HQFH LIZH RQO\ FRQVLGHU WKH FRVW RI FRRUGLQDWLQJPHVVDJHV RXU DOJRULWKP
SHUIRUPVIDLUO\
$ K\EULG checkpointing DOJRULWKP LV SURSRVHG LQ >@ ZKLFK RSHUDWH LQ WZR SKDVHV ZKLOH FRPELQLQJ WZR
WHFKQLTXHVRIcheckpointingTXDVLV\QFKURQRXVSKDVHDQGFRRUGLQDWLRQSKDVH7KHRUHWLFDOO\WKLVDOJRULWKPVKRZV
WKDW LWKDV OHVVPHVVDJHFRVW WKDQ WKDWRIRXUDOJRULWKP7KLV LVEHFDXVH WKHDXWKRUVGLGQRW WDNH LQWRDFFRXQW WKH
SUREOHP RI QHWZRUN SDUWLWLRQLQJ GXULQJ WKH checkpointing SURFHVV ZKLFK LV LPSUDFWLFDO VLQFH RQH RI WKH PDLQ
FKDUDFWHULVWLFV RI WKH 0$1(7 LV WKH SDUWLWLRQLQJ IRU ZKLFK WKH checkpointing DOJRULWKPV SURSRVHG IRU FHOOXODU
QHWZRUNVDUHQRWVXLWHGGLUHFWO\IRU0$1(7,QDGGLWLRQGXULQJWKHILUVWSKDVHRIWKHDOJRULWKPH[HFXWLRQHDFK0+
UHFRUGVDFKHFNSRLQWDQGVDYHVLWORFDOO\WKH0+PDLQWDLQVDVWRSZDWFKZKLFKLVVHWLQLWLDOO\WRt:KHQWKHWLPHRXW
H[SLUHVLWWDNHVDVSRQWDQHRXVFKHFNSRLQWWKLVWHFKQLTXHPDNHVWKHQXPEHURIFKHFNSRLQWVLQWKHV\VWHPYHU\KLJK
ʹ ൈ ݊ ൅ ܰݑݏ݈ZKLFKLVXQDFFHSWDEOHIRUD0$1(7VHWWLQJZKHUHWKHVWRUDJHFDSDFLW\RIDQ0+LVYHU\OHVVRU
UHVWULFWHGWRDPLQLPXP
6LPXODWLRQ6HWWLQJDQG5HVXOWV
)LJXUHSUHVHQWVWKHVLPXODWLRQVHWWLQJRIFRRUGLQDWLQJPHVVDJHFRVWWRFRPSOHWHWKHcheckpointingSURFHVVHVLQWKH
EHVWFDVHVFHQDULRIRURXUDOJRULWKPDQGWKHDOJRULWKPLQ>@DJDLQVWWKHQXPEHURI0+VLQWKHV\VWHPZLWKWZR
PRELOLW\ UDWHV RI0+V/RZ  &OXVWHUV DQG+LJK   &OXVWHUV 7KH VLPXODWLRQ HQYLURQPHQW FRPSULVHV D
YDULDQW QXPEHU RI 0+V :H DVVXPH WKDW WKHUH LV RQH SURFHVV UXQQLQJ RQ HDFK 0+ (DFK 0+ KDV D ZLUHOHVV
FRQQHFWLRQ ZLWK LWV VXSSRUWLQJ &+ ZLWK D EDQGZLGWK RI  0%V ZKLFK IROORZV 7KH VL]H RI HDFK FRPSXWDWLRQ
PHVVDJH LV DVVXPHG WR EH  .% 'XULQJ checkpointing WKHUH DUH FRRUGLQDWLRQ PHVVDJHV WUDQVPLWWHG DPRQJ WKH
SURFHVVHVIRUFKHFNSRLQWUHTXHVWVDQGUHVSRQVHV(DFKFRRUGLQDWLRQPHVVDJHLVDVVXPHGWREHE\WHV7KHUHIRUH
WKHWUDQVPLVVLRQGHOD\RIPHVVDJHVLVPVDQGWKHVL]HRIDFKHFNSRLQWLV.%
 
)LJ0HVVDJH &RVWYV1XPEHURI0+VLQWKHV\VWHP
:HKDYHIRXQGRXWWKDWWKHDOJRULWKPLQ>@VXIIHUVIURPWKHLQFUHDVHRIPHVVDJHFRVWZKHQHYHUWKHPRELOLW\RI
0+VLQWKHV\VWHPLVKLJK,QIDFWLIWKHPRELOLW\RI0+VLVKLJKWKHUDWHRIQHWZRUNSDUWLWLRQLQJLQFUHDVHVZKLFK
ZDVQRWWDNHQLQWRDFFRXQWE\WKHDXWKRUVRIWKDWSDSHUGXULQJWKHGHVLJQRIWKHLUDOJRULWKP+RZHYHULQD0$1(7
HQYLURQPHQW PRELOH KRVWV DUH H[SRVHG WR IUHTXHQW PRYHPHQWV DQG GLVFRQQHFWLRQV  D checkpointing DOJRULWKP
VXLWDEO\DGDSWHGWRWKLVFRQWH[WKDVWRWDNHLQWRDFFRXQWWKLVFRQVWUDLQW+HQFHWKHXQDYDLODELOLW\RIDPRELOHKRVW
EHFDXVHRIGLVFRQQHFWLRQFDQHVWDEOLVKDVXIILFLHQWFULWHULRQWREHDEOHWRLQYDOLGDWHWKHDGRSWLRQRIDcheckpointing
DOJRULWKP+HQFHRXUILQGLQJ LV WKDW WKHVFKHPHLQ>@ZRUNVHIILFLHQWO\RQO\ LI WKHUH LVQRQHWZRUNSDUWLWLRQLQJ
GXULQJWKHcheckpointingSURFHVVLQRWKHUZRUGVLIWKHPRELOLW\UDWHRIWKH0+VLQWKHV\VWHPLVYHU\ORZ
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&RQFOXVLRQDQG)XWXUH5HVHDUFK'LUHFWLRQ
7KLVSDSHUSUHVHQWV DPLQLPXPSURFHVV FRRUGLQDWHGcheckpointing DOJRULWKP WRSURYLGH IDXOW WROHUDQFH LQ FOXVWHU
EDVHG 0$1(7 ZKHUH QR EORFNLQJ RI SURFHVVHV WDNHV SODFH ,Q WKLV VFKHPH ZH KDYH FRQVLGHUHG WKH UHVRXUFH
FRQVWUDLQWVDQGWKHVFDODELOLW\RIDGKRFQHWZRUNVOLNHWKHSDUWLWLRQLQJSUREOHP7KXVWKHSURSRVHGVFKHPHUHGXFHV
WKHXVHOHVVFKHFNSRLQWV WREDUHPLQLPXPE\PDLQWDLQLQJH[DFWGHSHQGHQFLHVDPRQJSURFHVVHVDQGSLJJ\EDFNLQJ
checkpointingVHTXHQFHQXPEHUVRQWRWKHQRUPDOPHVVDJHV,QDGGLWLRQWRWKDWRXUVFKHPHPLQLPL]HVWKHFRVWRI
FRQWURO PHVVDJHV QHHGHG $V D IXWXUH GLUHFWLRQ RI UHVHDUFK WKH DSSOLFDELOLW\ RI WKH VFKHPH FRXOG EH WHVWHG LQ
GLIIHUHQW FRPSOH[GHSOR\PHQW DQGPRELOLW\ VFHQDULRV$OVR RXU DOJRULWKP FDQQRW KDQGOH FRQFXUUHQW IDLOXUHV DQG
PXOWLSOHH[HFXWLRQVDWWKHVDPHWLPHZKLFKUHSUHVHQWVDOLPLWDWLRQFRPSDUHGWRVRPHUHODWHGH[LVWLQJZRUNV7KLVLV
DQLVVXHWKDWZHKDYHNHSWIRUIXUWKHULQYHVWLJDWLRQLQIXWXUH
$FNQRZOHGJPHQW
7KLVZRUNZDVSDUWLDOO\VXSSRUWHGE\1HWZRUNLQJDQG'LVWULEXWHG&RPSXWLQJ/DERUDWRU\1'&/DE.,&7,,80
5HIHUHQFHV
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